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ABSTRACT  
AIM: Textile workers in their work environment are exposed to airborne particulate from natural and 
synthetic origin. In the present study we aimed at assessment of prevalence and characterstics of  
COPD in never-smoking female workers employed at cotton weaving sector in textile manufacture. 
MATERIAL AND METHODS: In order to assess chronic prevalence and characteristics of chronic 
obstructive pulmonary disease (COPD) in textile industry we performed a cross-sectional study 
including 47 never-smoking female cotton workers (aged 36 to 56 years) and an equal number of 
never-smoking female office workers studied as a control. Evaluation of examined subjects 
consisted of completion of a questionnaire, baseline spirometry, and bronchodilator reversibility 
testing.  
RESULTS: We found higher prevalence of respiratory symptoms in cotton workers with significant 
difference for phlegm and dyspnea. Majority of the chronic respiratory symptoms in cotton workers 
were work-related. With exception of the mean value of forced vital capacity (FVC), the mean 
values of all other measured spirometric parameters in cotton workers were significantly lower than 
in office workers. The prevalence of COPD was significantly higher in cotton workers than in office 
workers (11.4% vs. 2.3%, P = 0,027). COPD in cotton workers was significantly associated with age 
higher than 45 years and with duration of exposure longer than 20 years.  
CONCLUSION: Our findings support data about relationship between occupational exposure to 
organic dust in textile workers and persistent airflow limitation. 
 
 
 
 
 
 
 
Introduction 
 Despite the cigarette smoking is the most 
commonly encountered and the best-studied risk 
factor for chronic obstructive pulmonary disease 
(COPD), there is consistent evidence from 
epidemiologic studies that never-smokers can also 
develop chronic airflow limitation [1, 2]. Occupational 
exposures, including organic and inorganic dusts, 
chemical agents and fumes, are considered as an 
underappreciated risk factor for COPD [3, 4].   
 According to the results from the Third Health 
and Nutrition Examination Survey (NHANES III), the 
estimated COPD fraction attributable to work was 
19.2% overall, and 31.1% among never-smokers (5). 
In addition, the American Thoracic Society (ATS) 
statement indicated that workplace exposures account 
for 10-20% of either symptoms or functional 
impairment consistent with COPD [6]. 
 The effect of workplace exposures on 
respiratory health was investigated in several studies. 
According to results of the Zutphen Study, the 
increased risks of chronic nonspecific lung disease 
(which includes asthma) was found in a number of 
occupations, and the relative risk ranged from 1.58 for 
farmers, 1.72 for workers in wood and paper 
manufacture, 2.29 for construction workers to 2.37 in 
textile workers and tailors [7]. Textile workers in their 
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work environment are exposed to a number of 
airborne particulate from natural and synthetic fibrous 
materials [8]. The dust present in the air during 
handling or processing of cotton is named as a cotton 
dust. This dust is a complex mixture of components 
including cotton fibers, ground-up plant matters, 
bacterial, fungi soil, and pesticides, i.e. contaminants 
accumulated during the growing, harvesting, and 
subsequent processing or during storage periods [9]. 
There is an evidence that endotoxin from the outer 
cell wall of the Gram-negative bacteria contained in 
the cotton dust is a major causative agent in the 
adverse pulmonary effects in cotton workers [10]. 
Exposure to cotton dust and endotoxin is implicated in 
etiology of a number respiratory diseases, including 
byssinosis, chronic bronchitis (CB) and COPD [11]. 
On the other side, some studies indicated a possible 
protective effect of endotoxin on the risk of atopic 
sensitization [12]. 
 In the present study we aimed at assessment 
of prevalence and characterstics of  COPD in never-
smoking female workers employed at cotton weaving 
sector in textile manufacture.         
 
Materials and Methods 
 Study design and setting 
A cross-sectional study was carried out in the 
Department of Cardiorespiratory Functional 
Diagnostics at the Institute for Occupational Health of 
R. Macedonia, Skopje - WHO Collaborating Center for 
Occupational Health and GA
2
LEN Collaborating 
Center in the period January-September 2013. 
Prevalence of chronic respiratory symptoms, mean 
values of spirometric parameters, and prevalence of 
COPD was compared between a group of never-
smoking female cotton workers and a group of never-
smoking female office workers.  
The study protocol was approved by the 
ethics committee of the institution and each subject 
gave an informed consent before entering the study. 
 
Subjects 
We examined 44 female textile workers aged 
36 to 56 years, employed in a weaving manufacture 
producing cotton clothing with duration of employment 
14 to 26 years. They worked in two work shifts lasting 
8 hours in a large working area. Their working task 
included automatic spinning, weaving and packaging. 
The ring-spinning method was used to convert the 
prepared cotton roving into workable yarn. In addition, 
the clothing was formed by interlacing of two distinct 
sets of yarns at right angles. The process control 
provided keeping of the exposures at the permissible 
levels. The protective equipment during the working 
included protective clothing, gloves, and masks (i.e., 
disposable non-woven dust masks without valve). All 
examined cotton workers were never-smokers, i.e. 
non-smokers who have never smoked at all, or have 
never been daily smokers and have smoked less than 
100 cigarettes in their lifetime [13, 14]. 
In addition, an equal group of never-smoking 
female office (administrative) workers matched to the 
cotton spinners by age was studied as a control.  
In either group there were no subjects with 
chronic respiratory disease diagnosed by physician 
(i.e. asthma, COPD, bronchiectasis, etc.), neither 
subject treated with bronchodilators and/or 
corticosteroids. In either group also there were no 
subjects in whom spirometry or bronchodilator 
reversibility testing was contraindicated [15, 16]. 
 
 Questionnaire 
An interviewer-led questionnaire was 
completed by all study subjects. The questionnaire 
included questions on work history (e.g., chronological 
list of jobs; description of job activities at the actual 
workplace; type, extent and duration of exposure; and 
use of protective equipment), respiratory symptoms in 
the last 12 months and their relatedness to the 
workplace, family history of COPD and CB (taking into 
account the first-degree relatives), environmental 
exposure to tobacco smoke (ETS), accompanying 
disease, and medication use.  
 Respiratory symptoms in the last 12 months 
(cough, phlegm, dyspnea, wheezing, and chest 
tightness) were documented using the European 
Community for Coal and Steel questionnaire (ECCS-
87), and the European Community Respiratory Health 
Survey (ECRHS) questionnaire [17, 18]. The work-
relatedness of the respiratory symptoms was defined 
as more than usual cough, phlegm, dyspnea, 
wheezing, and chest tightness during daily work [19].   
 ETS or passive smoking or second-hand 
smoking was defined as an exposure to tobacco 
combustion products from smoking by others (at 
home, workplace, etc.), i.e. as a presence of at least 
one smoker in the household and/or in the workplace 
[20, 21]. In addition, passive smokers were divided in 
two groups regarding the number of hours per day 
they were exposed to ETS (less or more than four 
hours per day).  
 
  Baseline spirometry 
  The baseline spirometry, including measures 
of forced vital capacity (FVC), FEV1, FEV1/FVC, and 
maximal expiratory flow at 50%, 25%, and 25-75% of 
FVC (MEF50, MEF25, and MEF25-75, respectively), was 
performed in all subjects using spirometer Ganshorn 
SanoScope LF8 (Ganshorn Medizin Electronic GmbH, 
Germany) with recording the best result from three 
measurements the values of FEV1 of which were 
within 5% of each other. The results of spirometry 
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were expressed as percentages of the predicted 
values according to the actual recommendations of 
European Repsiratory Society (ERS) and American 
Thoracic Society (ATS) [15, 16].     
 
  Bronchodilator reversibility testing 
  Bronchial reversibility testing was performed 
according to the actual GOLD spirometry guide (15). 
Spirometric measurements were performed before 
and 20 minutes after administration of 400 g 
salbutamol by metered dose inhaler through spacer. 
Fixed airflow narrowing characteristic for COPD was 
considered if post-bronchodilator FEV1/FVC remained 
less than 0.70. The degree of FEV1 reversibility was 
expressed as % FEV1 reversibility ([post-
bronchodilator FEV1 – pre-bronchodilator FEV1] / pre-
bronchodilator FEV1 x 100). Significant FEV1 
improvement (a change more than 12% and more 
than 200 mL) in the presence of fixed airflow limitation 
did not negate a diagnosis of COPD.          
 
COPD diagnosis 
The diagnosis of COPD was established 
according to the actual GOLD recommendations [22], 
i.e., COPD was considered by the presence of a post-
bronchodilator FEV1/FVC less than 0.70 suggesting 
persistent airflow limitation in the subjects who had 
dyspnea, chronic cough or sputum production, and a 
history of exposure to risk factors for the disease 
(tobacco smoke, smoke from home cooking and 
heating fuels, and/or occupational dusts and 
chemicals).  
 
 Statistical analysis 
 Continuous variables were expressed as mean 
values with standard deviation (SD), and the nominal 
variables as numbers and percentages. Analyses of 
the data involved testing the differences in 
prevalence, comparison of the means, and testing the 
association between COPD and studied variables. 
Chi-square test (or Fisher’s exact test where 
appropriate) was used for testing difference in the 
prevalence. Comparison of spirometric measurements 
was performed by independent-samples T-test. Chi-
square test was used for testing association between 
COPD and studied variables.  A P-value less than 
0.05 was considered as statistically significant. 
Statistical analysis was performed using the Statistical 
Package for the Social Sciences (SPSS) version 11.0 
for Windows. 
 
Results 
 Demographic characteristics of the study subjects 
were similar in both examined groups (Table 1). 
 
Table 1: Demographics of the study subjects. 
Variable 
Cotton workers 
(n = 44) 
Office workers 
(n = 44) 
   
Age (years) 
Less than 45 years 
More than 45 years 
44.3  5.2 
20 (45.4%) 
24 (54.6%) 
45.7  4.7 
19 (43.2%) 
25 (56.8%) 
 
BMI (kg/m
2
) 
BMI less than 25 
BMI more than 25 
 
Duration of employment (years) 
Duration of employment  
less than 20 years 
Duration of employment 
more than 20 years 
 
Former employment in dusty trades 
 
25.8  2.9 
19 (43.2%) 
25 (56.8%) 
 
19.4  5.1 
23 (52.3%) 
 
21 (47.7%) 
 
 
9 (20.5%) 
 
26.3  3.7 
18 (40.9%) 
26 (59.1%) 
 
21.7  4.6 
24 (54.6%) 
 
20 (45.4%) 
 
 
/ 
 
Family history of COPD or CB 
 
Environmental ETS 
Exposed less than 4 hours 
Exposed more than 4 hours 
 
Accompanying diseases 
Arterial hypertension 
Diabetes mellitus type 2 
Peptic ulcer 
 
 
5 (11.4%) 
 
21 (47.7%) 
14 (31.8%) 
7 (15.9%) 
 
 
6 (13.6%) 
3 (6.8%) 
4 (9.1%) 
 
7 (15.9%) 
 
16 (36.4%) 
10 (22.7%) 
6 (13.6%) 
 
 
8 (18.2%) 
3 (6.8%) 
3 (6.8%) 
 
Numerical data are expressed as mean value with standard deviation; frequencies as 
number and percentage of study subjects with certain variable. BMI: body mass index; kg: 
kilogram; m: meter; COPD: chronic obstructive pulmonary disease; CB: chronic bronchitis; 
ETS: exposure to tobacco smoke. 
 
 Prevalence of overall respiratory symptoms in 
the last 12 months was higher in cotton workers but 
statistical significance was not reached. Regarding 
particular chronic respiratory symptoms, we registered 
significantly higher prevalence of phlegm and dyspnea 
in cotton workers (Table 2). 
Table 2: Prevalence of respiratory symptoms in the last 12 
months in the study subjects. 
Respiratory symptoms  
in the last 12 months 
Cotton workers 
(n = 44) 
Office workers 
(n = 44) 
P-
value* 
 
Overall respiratory symptoms  
in the last 12 months 
 
19 (43.2%) 
 
12 (27.3%) 
 
0.117 
Cough 15 (31.8%) 10 (22.7%) 0.093 
Phlegm 8 (18.2%) 2 (4.5%) 0.021 
Dyspnea 8 (18.2%) 3 (6.8%) 0.041 
Wheezing 
Chest tightness 
7 (15.9%) 
6 (13.6%) 
5 (11.4%) 
5 (11.4%) 
0.108 
0.254 
    
Data are expressed as number and percentage of study subjects with certain 
variable.*Tested by Chi-square test (or Fisher’s exact test where appropriate). 
 
The majority of respiratory symptoms in the 
last 12 months in cotton workers were work-related 
symptoms (78.9%). The highest relatedness with 
workplace in cotton spinners was reported for cough 
(73.3%) and phlegm (87.5%). Work relatedness of the 
symptoms was reported by 12.0% of the office 
workers with respiratory symptoms, i.e. by three office 
workers with cough.   
Table 3: Mean baseline values of spirometric parameters in the 
study subjects. 
 
Spirometric 
parameter 
Cotton workers 
(n = 44) 
Office workers 
(n = 44) 
P-value* 
FVC (%pred) 
FEV1 (%pred) 
FEV1/FVC 
MEF50 (%pred) 
MEF25 (%pred) 
MEF25-75 (%pred) 
96.7  11.8
 
84.2  7.9
 
0.80  0.07
 
64.6  11.8
 
52.1  12.2
 
63.7  14.9 
98.6  8.7 
89.1  11.2 
0.84  0.05 
73.1  10.4 
67.2  11.7 
75.1  16.2 
0.091 
0.022 
0.038 
0.006 
0.000 
0.000 
Data are expressed as mean value with standard deviation. 
FVC: forced vital capacity; FEV1: forced expiratory volume in one second; MEF50, MEF25, 
MEF25-75: maximal expiratory flow at 50%, 25% and 25-75% of FVC, respectively; % pred: 
% of predicted value. *Compared by Independent-samples T-test. 
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With exception of the mean baseline value of 
FVC, the mean baseline values of all other spirometric 
parameters were significantly lower in cotton workers 
(Table 3). 
The mean post-bronchodilator values of all 
spirometric parameters except of the FVC were also 
significantly lower in cotton workers (Table 4). The 
mean FEV1 reversibility (%FEV1 reversibility) was 
significantly higher in cotton workers (10.3% vs. 3.8%, 
P = 0.017; Independent-samples T-test).    
Table 4: Mean post-bronchodilator values of spirometric 
parameters in the study subjects. 
Spirometric 
parameter 
Cotton workers 
(n = 44) 
Office workers 
(n = 44) 
P-value* 
FVC (%pred) 
FEV1 (%pred) 
FEV1/FVC 
MEF50 (%pred) 
MEF25 (%pred) 
MEF25-75 (%pred) 
96.3  9.4
 
86.5  10.1
 
0.84  0.09
 
73.1  11.2
 
61.2  15.7
 
71.4  15.7 
98.2  12.1 
92.8  13.2 
0.89  0.11 
83.9  11.6 
78.7  12.9 
84.7  13.3 
0.094 
0.016 
0.022 
0.003 
0.000 
0.000 
Data are expressed as mean value with standard deviation. FVC: forced vital capacity; 
FEV1: forced expiratory volume in one second; MEF50, MEF25, MEF25-75: maximal 
expiratory flow at 50%, 25% and 25-75% of FVC, respectively; % pred.: % of predicted 
value. *Compared by Independent-samples T-test. 
 
    Five subjects among cotton workers and one 
subject among office workers met criteria for 
diagnosis of COPD (11.4% vs. 2.3%, P = 0.027; 
Fisher’s exact test) (Figure 1). All cotton spinners with 
COPD and none of the office workers with COPD 
reported work-relatedness of their symptoms. 
According to the GOLD 2010 classification of COPD 
severity [23], all subjects with COPD can be 
categorized as a mild COPD (FEV1/FVC < 0.70; FEV1 
 80% predicted). 
100%100%
2.3%
11.4%
0
20
40
60
80
100
120
Cotton workers Office workers
Study group
P
er
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n
ta
g
e 
(%
)
All subjects
Subjects with COPD
 
Figure 1: Prevalence of COPD in the study subjects. 
 
COPD in cotton workers was significantly 
associated with age more than 45 years (P = 0.026; 
Chi-square test), as well as with duration of 
employment more than 20 years (P = 0.014; Chi-
square test). Associations between COPD and other 
variables (e.g., BMI, family history of COPD or CB, 
and environmental ETS) were statistically non-
significant in both bricklayers and office workers. 
Association between COPD and former employment 
in dusty trades in cotton spinners was also statistically 
non-significant.  
Discussion 
COPD is one of the leading causes of 
morbidity and mortality worldwide and results in an 
economic and social burden that is both substantial 
and increasing [24]. Often, the prevalence of COPD is 
directly related to the prevalence of cigarette smoking, 
although occupational, outdoor and indoor air pollution 
are also important COPD risk factors [25]. There is 
sufficient evidence that an irreversible airflow 
obstruction (COPD) may be caused by exposures 
other than tobacco smoke, and that occupational 
exposures, particularly to dust, are amongst such 
causes [26]. The widespread habit of tobacco 
smoking in industrial populations has delayed the 
recognition of other factors contributing to the disease, 
as it is only possible to examine the independent risks 
of smoking and occupational exposures when a 
reasonable proportion of those occupationally 
exposed are lifelong non-smokers. By experts’ 
opinion, as the working population smokes less, the 
significance of occupational exposures causing COPD 
will increase [27].  
In the present study we assessed the impact 
of specific occupational exposure in never-smoking 
female cotton workers on developing of COPD. A 
group of never smoking female office workers with 
similar age to cotton workers were studied as a 
control. The examined groups included subjects with 
similar demographic characteristics. In either group 
there was a large proportion of passive smokers that 
is similar to its prevalence among workers in R. 
Macedonia documented in our previous studies [28, 
29] and indicate still insufficient nationwide smoking 
cessation activities. 
It is well established that workplace exposure 
to certain types of organic dust can cause respiratory 
inflammation and thereby leads to development of 
chronic respiratory symptoms and ventilatory function 
impairment. We found higher prevalence of overall 
respiratory symptoms in the last 12 months among the 
workers exposed to cotton dust than in office workers 
with significant difference for phlegm and dyspnea. 
The majority of the respiratory symptoms among 
cotton workers were related to the workplace. An 
excess of chronic respiratory symptoms in workers 
exposed to organic dust is reported in many studies 
[30-33]. 
The mean values of spirometric parameters 
were lower in cotton workers and statistical difference 
was registered for all of them with exception for the 
mean value of FVC. This finding confirms thesis that 
exposure to organic dust (e.g. cotton, grain, wood, 
etc.) may lead to lung function impairment 
independently of any effect due to smoking [34]. A few 
longitudinal studies indicated accelerated annual 
decline of FEV1 independent of smoking in workers 
exposed to wood dust [35, 36], cotton dust in textile 
workers [37, 38], grain dust in grain handlers [39] and 
to organic dust, ammonia and endotoxin in swine 
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production workers (40).  The results of the study of 
Glindmeyer et al. carried out in 1991 (41) indicated 
that the effect of low exposures to cotton dust on lung 
function was seen only in smokers, while the effect in 
non-smoking workers was observed at higher levels of 
cotton dust exposure. On the other side, in the 
analysis of the total data within the European 
Community Respiratory Health Survey (ECRHS) 
framework, Zock et al. found no association between 
occupational exposure and quantitative FEV1 changes 
[42].      
We performed bronchodilator reversibility 
testing in order to detect subjects with the presence of 
a post-bronchodilator FEV1/FVC less than 0.70, i.e., to 
establish the diagnosis of COPD. According to the 
actual GOLD recommendations, the post-
bronchodilator spirometry is required for diagnosis 
and assessment of severity of COPD, but the degree 
of reversibility of airflow limitation (e.g., FEV1 
measurements before and after administration of 
bronchodilator) is no recommended [22]. We found 
significantly higher COPD prevalence in cotton 
workers than in office workers that confirms the 
association between exposure to cotton dust and 
COPD development i.e. that supports the 
observations that cigarette smoke and some forms of 
organic dust contain the same pro-inflammatory 
agents and trigger the same effector molecule in the 
airways. In the case-control study aimed to ascertain 
the risk of COPD in male workers in different 
occupations with respect to office workers as a 
reference group, Mastrangelo et al. [43] found that 
age, smoking (both current and former habit), the 
average cigarettes number, as well as occupational 
factors were strong risk factors for COPD. The 
reported age-smoking adjusted odds ratios (ORs) for 
COPD ranged from 15.1 in farmers, 12.1 in foundry 
workers, 7.2 in cotton workers, 6.4 in welders, 6.5 in 
refractory brick workers, 4.7 in painters to 3.1 in 
construction workers. Similarly to the findings from the 
mentioned study, in the present study COPD in cotton 
workers was strongly linked to age and to duration of 
exposure to cotton dust.   
The findings in this study are subjects to at 
least three limitations. First, relatively small number of 
the subjects in the study groups could have certain 
implications on the data obtained and its 
interpretation. Second, environmental measurements 
were not performed, so we could not document the 
effect of the type and the level of exposure on COPD. 
The third limitation of the study is its cross-sectional 
design which enables identifying associations rather 
than cause-and-effect relationships. In addition, as in 
the case of any cross-sectional study, the impact of 
healthy workers’ effect (HWE) on the data obtained 
could not be excluded. The HWE is the most common 
selection bias in occupational studies occurring 
because relatively healthy individuals are likely to gain 
employment and to remain employed and it may 
partially or completely mask excess mortality and 
morbidity caused by harmful exposure (survivor bias). 
On the other side, most of the evidence of an 
association between occupational exposures and 
COPD is available in cross-sectional studies on 
groups of workers with specific jibs and/or exposures 
[10, 22, 43]. The strength of the study is the 
investigation of respiratory effects of occupational 
exposure on never-smoking workers performing 
specific activity within the textile manufacture.  
In conclusion, in a cross-sectional study 
including never-smoking female cotton workers we 
found a higher prevalence of respiratory symptoms in 
the last 12 months, higher mean values of spirometric 
parameters, and significantly higher prevalence of 
COPD than in the matched female office workers. 
COPD in cotton workers was significantly associated 
with age over 45 years, as well as with duration of 
occupational exposure longer than 20 years. Our 
findings support data from other studies about 
relationship between occupational exposure to 
organic dust in textile manufacture and persistent 
airflow limitation and indicate the need of 
improvement of preventive measures in order to 
protect the respiratory health of exposed workers. 
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